10 D Euclidean quantum gravity is investigated numerically using the dynamical triangulation approach. It has been found that the behavior of the model is similar to that of the lower dimensional models. However, it turns out that there are a few features that are not present in the lower dimensional models.
INTRODUCTION
Recently it has been paid much attention to the dynamical triangulation (DT) approach to quantization of Riemannian geometry [2] in 4 dimensions. The choice D = 4 is usually motivated as an attempt to construct quantum theory of gravity in the real 4 -dimensional world. However, there exist a lot of models, in which our world appears as a compactification of higher dimensional space (see, for example, [1] and references therein). Therefore the problem to investigate the quantization of Riemannian geometry in arbitrary dimension appears. The correspondent construction is expected to be a part of a hypothetical theory that would unify all known fundamental interactions.
Until now the dynamical triangulation approach was applied only to the cases D = 2, 3, 4, and 5. For D = 2 the DT model has a well -defined continuum limit consistent with the predictions of the continuum theory [3] . At D = 3, 4, 5 the Euclidean DT models with the discretized Einstein action have two phases: the crumpled phase with infinite fractal dimension and the elongated one, which resembles branched polymer model with the fractal dimension close to 2. A priori it is not clear that the behavior of dynamical triangulation model at high D is similar to that of lower dimensional models. This motivates our choice D = 10. We are looking for the qualitative difference between the case D = 10 (which is treated as high -dimensional) and the cases D = 3, 4, 5 (that are treated as low -dimensional).
The model.
In the dynamical triangulation approach the Riemannian manifold (of Euclidian signature) is approximated by the simplicial complex obtained by gluing the D -dimensional simplices. The Einstein action can be expressed through the number of bones and the number of simplices of the given triangulated manyfold:
where O(bone) is the number of simplices sharing the given bone, N bones is the total number of bones and N simplices is the total number of sim-
The functional integral over Dg in this approach is changed with the summation over the different triangulations (we restrict ourselves with the spherical topology only): Dg → T .
We consider the model, in which the fluctuations of the global invariant D -volume are suppressed. The partition function has the form:
where we denoted N D = N simplices , N D−2 = N bones , and κ D−2 = const 8G . Unfortunately, it is not possible to construct an algorithm that generates the sum over the triangulations of the same volume. So the constant γ is kept finite. Here
is already not fixed by the gravitational constant G and is chosen in such a way that < N D >= V . This provides that the volume fluctuates around the required value V .
For the numerical investigations we used Metropolis algorithm in its form described in [7] . It is based on the so -called (p, q) moves that are ergodic in the space of combinatorially nonequivalent triangulated manyfolds [9] . Due to this property starting from the triangulation that approximates [8] the given Riemannian manifold it is possible to reach a triangulation that approximates almost any other Riemannian manifold. The exceptional cases, in which this is impossible, are commonly believed not to affect physical results.
Numerical results.
We made our calculations within the parallel programming environment using the computation facilities of Joint Supercomputer Center at Moscow (supercomputer MVS 1000M). The main program was written in C ++ using modern methods of object -oriented programming 2 . It follows from (1) that the Einstein action stimulates the system to have infinite O(bone) at negative κ D−2 and minimal O(bone) at positive gravitational coupling. Therefore, we expect that at finite V and large negative κ D−2 the system should exist in the completely collapsed phase (crumpled phase), in which O(bone) → max 3 . At large positive κ D−2 we expect the system to exist in the phase, in which O(bone) → min. This case should correspond to the branched polymer system (elongated phase). The dynamics at intermediate values of κ D−2 is a priori not clear. However, our investigation shows that similar to the lower dimensional cases the mentioned phases are the only phases of the 10 -dimensional system. We investigate the behavior of 10D model for V = 8000 and V = 32000 . We considered the values of κ D varying from −0.1 to 0.1. The phase transition point is at κ D ∼ −0.03 at V = 8000 and at κ D ∼ −0.01 at V = 32000.
One of the most informative characteristics of the triangulated manyfold is the average volume V(R) of the balls (of the constant radius R)
4 as a function of this radius. At some value of R V(R) becomes constant. This value of R is the averaged largest distance between two simplices of the manyfold, which is also called the diameter d. We found that for V = 8000 at 1 < R < d 2 the dependence of log V on log R is linear. For V = 32000 the same takes place at 4 < R < [7] ) confirm these expectations 5 . The linear extent L is defined as the average distance between two simplices of the triangulation:
Due to its construction L should be close to half a diameter. Our results on L are represented in the figure Fig. 2 . One can see that the linear size of the manyfold is increasing very fast in the elongated phase, while in the crumpled phase it remains almost constant (and close to that of 3, 4 and 5 dimensional models [2] ). We found that the fluctuations of the linear extent are almost absent in the crumpled phase and are of the order of the mean size of the manyfold in the elongated phase.
Conclusions and discussion.
We found that in general the behavior of the 10 -dimensional model is similar to that of 3, 4 and 5 -dimensional models. However, there is the qualitative difference between the entropy properties of the dynamical triangulations in these cases. If we turn off the action (κ D−2 = 0) only the entropy is responsible for the dynamics. At V ≤ 32000 and κ D−2 = 0 the ten -dimensional system behaves like a branched polymer system while at D = 3, 4, 5 the system with turned off action becomes completely collapsed (crumpled phase).
